Systematic Investigation of Two-Dimensional DNA Nanoassemblies for Construction of a Nonspecific Sensor Array.
We have performed a systematic study to analyze the effect of ssDNA length, nucleobase composition, and the type of two-dimensional nanoparticles (2D-nps) on the desorption response of 36 two-dimensional nanoassemblies (2D-NAs) against several proteins. The studies were performed using fluorescently labeled polyA, polyC, and polyT with 23, 18, 12, and 7 nucleotide-long sequences. The results suggest that the ssDNAs with polyC and longer sequences are more resistant to desorption, compared to their counterparts. In addition, 2D-NAs assembled using WS2 were least susceptible to desorption by the proteins tested, whereas nGO 2D-NAs were the most susceptible nanoassemblies. Later, the results of these systematic studies were used to construct a sensor array for discrimination of seven model proteins (BSA, lipase, alkaline phosphatase, acid phosphatase, protease, β-galactosidase, and Cytochrome c). Neither the ssDNAs nor the 2D-nps have any specific interaction with the proteins tested. Only the displacement of the ssDNAs from the 2D-np surface was measured upon the disruption of the existing forces within 2D-NAs. A customized sensor array with five 2D-NAs was developed as a result of a careful screening/filtering process. The sensor array was tested against 200 nM of protein targets, and each protein was discriminated successfully. The results suggest that the systematic studies performed using various ssDNAs and 2D-nps enabled the construction of a sensor array without a bind-and-release sensing mechanism. The studies also demonstrate the significance of systematic investigations in the construction of two-dimensional DNA nanoassemblies for functional studies.